• electric field near the X-point and therefore, the "rate of reconnection" that finite-amplitude fluctuations can lead to turbulence in X-point dynamics,-thereby elevating reconnection rates.
Consequently, turbulent reconnection 'might maintain strong X-point electric fields (and the possibility::;of significant particle acceleration) at high conductivity.
:
The question of whether a subpopulation of plasma particles might be effectively accelerated by the reconnection zone electric field has also been extensively studied 12 17 .
A typical approach has been to calculate the trajectories of "test-particles" in model MHD magnetic and electric fields.
The electric field has usually been included parametrically, but there has This is a crucial point in the assessment of the importance of reconnection as a particle accelerator. In nonsteady incompressible simulations, strong accelerating"• ele*t-r-it:~ fields do not appear near 0-points which are the centers about which reconnected flux gathers after emerging from the reconnection zone. A long residence time near this type of ' 0-point is unlikely to produce significant particle acceleration. The short residence times of^. particles.,near the X-point region has been viewed as a limitation on the effic*encyrxrf---tfte ii X-point acceleration mechanism.
Ih^tnTs" Tetter, we describe an analysis of particle orbit tracing in MHD The timesteps were chosen to be much less than the time between frames of the MHD fields to give good resolution of the particle gyromotion.
The first run we describe consists of 500 particles randomly distributed in space, each moving with the unit Alfven speed at 45° pitch angle, but with randomly chosen gyrophase. The value of ot is 643, so that the characteristic gyroradius is much less than the unit cell of the MHD simulation. Fig. 1 shows magnetic field line plots in the area around the lower ; of the two current sheets at several times. New magnetic islands are appearing due to the reconnection process. Furthermore, since the same field lines are plotted in each frame (same values of a(x,y)), it is clear that magnetic flux is being removed from the strong field regions above and below the current sheet. Some particles lose '-energy in the-0-point region, presumably due to encounters with field lines;; which-.precede.-:^as rthe^reconnected island grows.
This behavior,; is illustrated inr/iFig. 3 by the time history of the kinetic energy of the particles identified in Figure 1 .
The physics of the particle trapping and acceleration is easily understood. Each small magnetic.":bubble is a trapping center for test particles.
In this simulation, particles in the reconnection zone experience a fluctuating electric field -with average magnitude of e = 0.1 (in units of B V ). O 3 Particles trapped in a., bubble are entrained in the high-E region for about -8-one Alfven transit time.
From the conservation law (Eq. 2) it follows that if a particle spends a unit time in a reconnection electric field, e, its velocity will change by AV s ect. With o = 643, the upper limit to the velocity is about 64. Note that in Fig. 3 , particle no. 382 reaches a speed of about 60. This is the highest speed that we have found for particles in this simulation. A preliminary test of this scaling was performed using a second set of 500 particles with a = 321.5. The highest speed attained was about 30.
Assuming the validity of this scaling and neglecting the initial speed of the test particles, the maximum kinetic energy is e = m(AV ) Note that this is proportional to the charge of the test particles, but independent of their mass.
These simulations indicate that turbulent fluctuations in a reconnecting magnetofluid can trap test particles in the strong electric field region and accelerate them to speeds of order efliv . In a future publication, several issues will be studied including the range of <* for which trapping occurs, the dependence of the magnitude" of "the acceleration on Reynolds number and BIBLIOGRAPHIC DATA SHEET
